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SUBSTITUTED 2- (2 , 6-DI*-t-BUm-4-ALmPHENOmT) 
^-UStZ-BENZOPIOXAPHOS^ORINS AND COMPOSITIONS 

THE USOF 

i 
i 

BACKGROUND OF I THE INVENTION 



A number of aromatic dud cyclic phosphorus containing 
stabilizers for polymers are knojm. Some of these are effective 
against heat degradation of polymers and soma of them find use 
in combination with other stabilisers for the seme or different 
5 functions, protection against ultra-violet light degradation for 
example* Many of these cyclic [phosphorus containing materials 
are expansive and they have vajrying degrees of eff ectiveuess 
when combined with other stabilisers. Further, some of the most 
effective materials have some j deficiencies ouch as lack of 
lOhydro lytic stability and the lice. New cyclic phosphites that 
are effective antioxidants, are readily and inexpensively pre- 
pared, and that particularly exhibit enhanced polymer protection 
when combined with hydroxyphenyl^lkylenyl isocyanurate compounds 
are 1 desired, 

SUMMARY OF TbE INVENTION 



15 Substituted 2- <2 3 6-dif t-butyl-4~alkylphenoxy) -4H-1 ,3, 

2,-benzodioxaphosphorina that are readily prepared, for example 
from hindered phenols and ortho-methylolphanols, are effective 
heat and anti-oxidant stabilizers for organic materials subject 
to degradation by heat and oxygen, and provide particularly 

20efficieut etahiliser systems whim combined with hydroxyphenyl- 



alkyleneyl isocyanurates 



i 



i 
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DERAILED DESCRIPTION 



The eubstimtefl 
1 > 3 , 2 , -benzodloxaphospho 



2- (2 , S-di-t-butyl-^-alfcylphenoxy) 4H- 
ins have the following generic formula: 




lOradlcal containing 1 to 
containing 4 to 8 carbon 
than three of R^, R^, R^ 



wherein: 

; "fis t-butyl; j 

R x is hydrogeiL an alkyl radical containing I to 8 
carbon atoms, a cycloalfcyl radical containing 3 to 6 carbon 
atoms, halogen, an alkoxy radical containing 1 to 8 carbon 
atoms, phenyl, a -C&^Ci ^CQOR^ group wherein ia an alkyl 

8 carbon atomB, or a t-alkyl radical 
atoms, and when is t-butyl , no more 
and R^ are hydrogen, and preferably at 
least one of. said R^ f R^ R^ or R 5 groups is alkyl containing 1 
to 8 carbon atoms; 
15 R^ is hydrogen, an alkyl radical containing 1 to 8 

carbon atoms, and methOKy or phenyl when R^ and R^ are 

hydrogen, or when R^ and R^ are hydrogen and R,_ is methyl; 

R 3 is metnyl when R^ is methyl or hydrogen and R^ 
R^ are hydrogen; 

20 ^ is nydrogei), an alkyl radical containing 1 to 8 

carbon atoms, a cycloalcyl radical containing 3 to 6 carbon 
atoms > a t-alkyl radical containing 4 to 8 carbon atoms, 

• methoxy, phenyl, halog >n or methoxycarbouyl* when R^ is 
hydrogen, an alkyl radical containing 1 to 8 carbon atoms, a 
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cycloalkyl radical containing 3 to 6 carbon atoms and. a t-alkyl 
radical containing 4 to 8 carbon atoms, and and Rj are 
hydrogen; 

R^ is methyl when R^, R^ and R^ are hydrogen, or whan 
5R^ is methyl and R 2 and R^ ara hydrogen, and hydrogen when R^, 
R^ are the same as above; j 



and when R, and R,. are 



(-CH=CR 6 -CH^CH-) f R is 



is 



hydrogen or t-butyl, and R 2 ie t-butyl or hydrogen and R 3 ia 
hydrogen; and when R^ and R^ are (-CH-CH-)^, R^ and R 5 
lOhydrogen. | 

k preferred group ofj compounds is obtained when R. 

1 

hydrogen, a primary, secondary or tertiary alkyl group contain- 
ing' 1 .to 4 carbon atoms as defined, or a -CH^CH-COOR, group 
wherein R^ is an alkyl radical containing 1 to 4 carbon atoms; 

15 R#> ia hydrogen, a primary, se:ondary or tertiary alkyl radical 
containing 1 to 4 carbon atoms; R^ is hydrogen or methyl; R^ is 
hydrogen or a primary, secondary or tertiary alkyl radical con- 
taining 1 to 4 carbon atoms; end R,. ia hydrogen* 

An even more preferred group of compounds is obtained 

20when Rj is -H t -CH 3? -t-C^ jas defined or-CH 2 CH 2 C00CH 2 CH 3 ; R 2 
ie -H, -CH^ or -t^RgS R^ in «H; R^ is -H, -CH^ or -t-C^H ; 
and R^ is H. 

Typical compounds is elude 2-[4-methyl-2,6-bis(l,l-di- 
methylethyl) phenoxy ] -6 , 8^bis < 1 , 1-diwethy lethyl) -4B-1 , 3 , 2^heMo- 

25 dioxaphosphorin ; 2- [ 4-mechy 1- 2 , 6-bi s ( 1 , l^dlmethy lethyl) phen- 
oxy ] -4H-1 , 3 , 2~benzodioxaphosphorin; 2- J4-methyl-2 , 6-bis ( 1 , 1-di- 
methylethyl) phenoxy ]-6-me thyl-^ H-l , 3 , 2-benzodioxaphosphorin ; 
2-[ 4-methy 1-2, 6-bie (1,1-dimethy lethyl) phenoxy ] -6, 8-dimethyl-4H- 
1,3, 2-benzodioxapho8phorin; \ -[4-methyl-2, 6-bis (1 , 1-di-methyl- 

30 et hyl) . phenoxy ] -8- ( 1 , l-dimethy lethyl) -4fihl , 3 , 2-bensodioxaphos- 
phorin; 2- [ 4-methyl-2 , 6-bis ( \ , , 1-dimethyle thyl) phenoxy } - 6- ( 1 , 1- 



dimethyletbyl)-8-me thyl-4H-l , 3 



2-benzodioxaphosphorin ; 2- [ 4- 



methyl-2,6-bifl(l, l-dimethy lethyl) phenoxy ]-6-methy 1-8- (l , 1-di- 
methyletbyl)-4H-l , 3 , 2-benzodio2 :aphosphorin ; 2- [ 2 , 4 , 6-tr is (1,1- 
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dimethylethyl)phenoxy ]~6 , S^-bis ( I • 1— dimethylethyl) ,3-, 2-ben- 
zodloxaphosphorin; 2-[2 y 4,6-trts(Ul-dl»fithylethyl) pheacxy]-6- 
methy 1-4E- 1,3, 2-benzodioxa ahospborin; 2- [ 2 , 4 , 6-trls ( i , 1-dt- 
methylethyl) phenoxy 1-6 9 8- ii-methyl-4H-l , 3 , 2-ban2odioxaphosphor- 
5 in; Z- 1 2 , 4 , 6-tris (I,l-d Imethylethyl) phenoxy] -8- (1 , 1-diaethyl- 
ethy 1) -4H-I , 3 , 2-benzo dioxa phosphorin; 2- [ 2 , 4 , 6-tris ( I , 1-dimeth- 
ylethyl) phenoxy ] -6- ( L , 1-di aethylethyl) -8-roethyl-4H-l , 3 , 2-banzo- 
dioxaphos pho r in ; 2- (2 f 6- >is ( 1 , 1-dimethylethyl) -4-(2-ethoxycar- 
bonylethyl) phenoxy ] -6 , 8-)>is ( 1 » 1-dimethy lethyl) -4H-1 ,3, 2-benzo- 
lOdioxaphosphorin; 2-[2,6-})is (I, 1-dime thy lethyl) -4- (2-athoxycar- 
bonylethyl) phenoxy ] -6, 8-djIffiethyl-4H-l , 3 , 2-benzodloxaphosphorin ; 
and the like, 

i 

The cyclic phosphites of this invention axe the 

■ 

reaction products of hindered phenols, ortho-methylolphenols and 
15pbosphoroue trichloride, form a family of substituted 2-(2,6- 
di-t-butyl-4-alky Iphenoxy) -4H-1 , 3 » 2-benzodioxaphosphorins , 

The ortho-m&thyl^lphenola have the general formula 




wherein R 7 is 1 to 4 hydrogen or alkyl groups containing 1 to 
2012. preferably 1 to 8 caibon atoms. The preparation of these 
materials is reported in the literature, and nay be made for 
example by reacting pheno ls such as p-cresol and 2 a 4-dimathyl— 
phenol with aqueous formaldehyde in caustic solution. Another 
procedure is to conduct the reaction of the phenol and para 
25 formaldehyde with boric acid in solution. Typical ortho-methyl- 
olphenols are 2,4-dimethyl^6-hydrox^methylphenol, 2,4-di-t- 
butyl-6-hydroxymethylpheuol, and the like* 

The hindered phenols have the general formula 
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wherein Rg la t-alkyl groups containing from 4 to 12 carbon 
atoms, but preferably are t-bityl, and R^ is hydrogen, t-alkyl 
ad defined, or alkyl radical rontaiuing I to 8 carbon atoms, or 

an eater group, CGOR^ wherein R^ is an alkyl group containing 
5 1 to 8 carbon atoms and a CH^CH^COOS^ group wherein R^ contains 

1 to 8 carbon atoms; such ae 2 , 4 j 6-tri-t-bucylphenol , 2,6-di-t:- 

butyl-4-methylphenol, and the like* 

The cyclic phosphites era prepared by reacting the 

othro*-methylolphenol with thej hindered phenol using phosphorous 
10 trichloride and a trialkylamlne as a catalyst. A preferred 

method for preparing the cylclic phosphites is to react the 

ortho-methylolphenol, a phosphor odichloridite, in an organic 

solvent in the presence of the trlalkylamine catalyst, the 
"cyclic phosphite is Isolated from the, reaction mixture and 
15 purified with solvents, preferably at temperatures below 100 a C, 

more preferably below about }5 9 C. Typical preparations of the 

ortho-methylolphenols and cyclic phosphites therefrom are set 

forth In the following examples. 



2 , 4-Dlmathy l-6« hydr oxymethylphenol 



A 38Z solution of formaldehyde (32.0 grama, 0.4 mol) 
20 was added to a stirred sol it ion of 2,4-dlmethylphenol (36.6 
grams* 0.3 mol) in water (100 ml) containing sodium hydroxide 
(14 gr., 0.35 mol) and heated at 50°C for 4 to 5 hours. The 
reaction was cooled and solic sodium hydroxide added to preci- 
pitate the salt of the product. The solid was removed by 
25 filtration and- dissolved in uatar. This solution was neutral- 
ized with carbon dioxide (dry ice) and the resulting mixture was 
extracted with methylene chloride. The organic layer was 
removed, dried, and evaporatad to yield a light brown solid. 

this solid was washed in hexane containing a small amount of 

1 2 

30 toluene to afford a tan solid [ The NMR and FD/MS data support 
the structure. j 
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1. Unclear Magnetic Resonance 

2. Field Desorption/Mass 



Spectrometer 



2> 4-Dl-t-buty L~6-hydroxymethylphenol 



2,4-Dl^t-butylpheaol (20.63 gr. , 0.1 mole), parafor- 
maldehyde {3.0 gr., 0.1 vol), ooric add (6.18 g., 0.1 vol) and 

5 toluene (50 ml.) we chaiged into a flask and heated at 80°C 
under nitrogen for 48 hour a. The mixture was filtered and the 
solvent removed to provide a brown oil. This oil was dissolved 
in ether and stirred with en equal volume of IK HCl for 2 hours. 
The ether layer was removed, cashed with water, dried CHgSO^) 

10 and evaporated to form a soft yellow Bolid. This solid was 
stirred in pentane and than filtered to afford a white solid 
with a melting point of 97-Wc. The structure waB confirmed by 
HMR. and FD/MS. 



2- (2,4, 6-trl-t|bttty lphenoxy ) -6 » 8-dimetbyl 
-4B-1 1 3 1 2- banzodioxaphosphorln 



2,4-dlmethyl-6-hydroxymethylphenol (7 g»» 0.046 mol) 



IS was dissolved in dry TflF 



(75 ml.) and cooled to 0°C. Under 



nitrogen, 2, 4 , 6-tri-t-but ylphenylphosphoredichloridite (16^85 
g„, 0.046 mol) was added 



to the solution. Triethy lamina (9.4 
g., 0.093 mol) was added dropwise to the cooled stirred 
solution. After 3.5 hour© , the reaction mixture was filtered 
20 and the filtrate was evaporated to dryness to form an off-white 
friable glaee. The glas<i was stirred in acetonitrile for 2 
hours to obtain a white sclid, melting point of 133-138°C. The 
ftNMft and FD/MS support this structure. 

Using the same procedure set forth above, 2-[4-methyl- 
25 2 , 6-bis (1 , 1-dimethylethyl) phenoxy ] -4H-1 ,3 , 2-b enzodioxaphoephorin 
was prepared from 2,6-di-t-butyl-4-Taethylphenylphosphorodichlor- 
idite and salicyl alcohol. The crude reaction product was 
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washed with acetonitrila. A vhite solid was obtaixwd with 



melting point of 80-82 °C* The 



and Infra-Had. Also 2-[ 2, 4,6-t;ri(l , l-ditoathyXcthyl)phenoxy ] -6- 
ttethyl-4H-l t 3,2-bensodioxaphosplorln was prepared from 2,4,6- 
S tri-t-hutylphenylphosphorodichlc roditc and 4 l -methyl-2-hydroxy- 
toithylphenol, and after washing with acetonitrile , resulted in a 
white powder , having a melting p<|int of 98-100 d C, The NMR and IR 
confirmed the structure * 



structure was confirmed by NMR 



2- (2 » 6-di~ t~butyl-4Hnetl ylphanoKy ) -6 , 8 -dime thy 1- 



4H-1 ,3 j 2^benzjdioxaphosphorin 



made 



•4-mathylphanylphosphorodic hloridit 



nal :ing 



This compound was 

10 above using 2 » 4-dimathy 1-6-hy 
butyl- 
solid, melting point of 132-138 
this structure. 

Other cyclic phosphit 

15 were 2- [ 4~mathy 1-2 , 6-bis ( 1 , 
1 , 3 , 2-benzodioxaphosphorin , 
weight 486 , by tha reaction o 
with 2,6-di-t-butyl-4- 
6-tria ( 1 , 1-dimethylathy 1) pheno 

ZOl^^-benzophosphorin., melting 
526, by the reaction of 2,4, 
with 2,4,6-cri-t-butyl-phenylphi 
6-tris ( 1 , l-dimethylethyl) phenoxy 
2-benzodioxaphosphorln, melting 

25 weight 470, by the reaction of 
and 2,4, 6-tri-t-butyl- 
structures were confirmed by 
Infra-Red Analysis. 

The bydroxyphenyla 

30 used in combination with the 



cro 



as prepared as described above 
1-dinjethy lethy 1) phenoxy ] -6-me thy 1-4H- 
point U7-123 e C, molecular 
4-methyl-6-hydroxyroethylphenol 
methylphacly lphosphorodichloridlt e j 2- [ 2 , 4 s 



Ikyl 



cycCLi 



in- the same manner as that 
xymathylphenol and 2 , 6-di-t- 
to obtain a. .white 
C. The FD/M3 and HNMR confirm 



6-di- 



t si 



-6,8-bis(l , l~dimethylethyl)-4H- 
pjoint 166-255*0, molecular weight 
-t-butyl-6-hydroxymethylphanol 
phorodichloridite; and 2- [2,4, 
]-8-<ia-dimethylethyl)^4H~l,3, 

point 120-127 °C, molecular 
2- t*-buty 1-6-hy dr oxymethylpheno 1 
phenVlphosophorodichloridite * The 
Nuclear Magnetic Resonance and 



.aueyl isocyanurate compounds 
.c phosphites of this 



BP/3Z ' d 
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invention have the fomw|la 




wherein R T is a hydroxyp^enylalkyleneyl radical of the formula 



■ C m H 2m 




5 tjhere m is 1 to 4, r. 



'3 fc 4 

an alkyl radical having 1 to 18 carbon 

atoms and iff position^ immediately adjacent to the hydroxy 

group on the ring; r^j Xy and are hydrogen ox an alkyl 

radical containing I to 18 carbon atoms; and R f 1 and R f " are 

hydrogen, an alkyl radical containing 1 to 18 carbon atoms, or 

10 are the same as r T . A nore preferred compound" is when R r T and 

R* ,f are quel to R 1 , i.a., all the R groups are hydroxyphenyl- 

alkyleneyl radicals, and is a t-alkyl radical containing from 

4 to about 12 carbon atcms, is a t-alkyl radical containing 

from 1 to about 12 carbon atoms, r^ and r^ are hydrogen, and m - 
15 i. 

« 

Kven more preferred are the symmetrical tris (3,5- 
ditert-alkyl-4-hy droxybei Lzyl) isocyanuratee of the formula 

a 

**A* * i 



t-C 



n H 2a + 1 




where n le 4 to 8. 



9 



" C tt H 2n + I 



■OH 



t-C H. , , 
n 2n + 1 
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Examples of the 4-hydr0xyberf2:yl iaocyauurate cortpffaxids 
crlfi-3-t-butyl-4-hydroxy1)enzyl) isocyanurate , tris-(3- 



cetyl-4-hydroxybenzyl) ieoeyai urate, trie (3»5-dimethyl-4-hy- 
droxybensyl) isocyanurate, tris- (3^ethyl-5-isopropyl~4~hydroxy- 
5 benzyl) ieccyanurate, trifi(3,5-di-t-butyl-4-hy4roxyl)ettzyl) iso- 
cyanurate , tris-(3-t-butyl-5-t- Mayl-4-hydroxybenzyl) isocyanur- 
ate* tris- [3»5-di-(l-me thy l~l~a :hylp ropy 1) 4-bydrosybeuzyl] iso- 
cyanurate, tr is^{ 3 , 5 , -di- ( 1 , 1 , 2 , 2- tetramethylprapyl) ~4-hydroxy- 
beuzyl] isocyanurate, bis-(3^5-llanathyl-4-hydroKybd!i2yl) isocy- 

lOanurata , (3-methy:L-4-hydroxybens;;?l) isocyanurate , <3-t-butyl-4- 
hydroxybenzyl) isocyanurate, and the like. Reference is made to 
U.S; Patent 3,531,483 which discloses isocyanurate compounds en- 
compassed by this invention. The disclosure of this patent is 
incorporated herein by reference. 

15 Hie amount of cyclic phosphite used may vary from 

about 0.01 to 10 weight parts per 100 weight parts of material 
to be stabilized. More usually about 0.1 to 4.0 parts are used 
for mixtures with the hydroxy phauyl-alkyleneyl Isocyanurate. 
The bydroxypheuylalkyleneyl isocyanurate compound is used at a 

20 level from about 0.01 part to atout 5 parts by weight, and more 
preferably at from about 0.05 rart to about 3 parts by weight 
per 100 parts by weight of the organic material* The cyclic 
phosphite compound is employed at similar levels* i.e., from 
about 0.01 part to 5 parts and preferably at about 0.05 part to 

25 about 3 parts by weight per 100 parts by weight of organic 
material. Thus the combined weight of the compounds is normally 
from about 0.02 part to about 1( parts and more preferably from 
about 0.1 to 6 parts by weight per 100 parts by weight of 
organic material. The hydroxypt euylelkylaneyl isocyanurate can 

30 D e used in from about 10:1 to Is 10 weight ratio of isocyanurate 
compound to cyclic phosphite compound. Excellent results are 
obtained at about a 3:1 to 1:3 w sight ratio. A. 1:1 weight ratio 
of the compounds provides effective stabilization of organic 
materials. 
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Both the cyclic phosphite and the combinations with 
the isocyaiturate compound *nd the cyclic phosphite compound as 
defined herein provide exceptional heat stability to polyolefin 

w 

polymers. The combination :.s eapecially useful for the 6 tab ill - 
5 zation of ^-mouoolefin homopolymers and copolymers* wherein the 
^-monoolefia contains 2 to about 8 carbon atoms. High and low- 
density polyethylene, iso tactic and atactic polypropylene, poly- 
iaobutylene, and poly(4-'inethyl-l-pentene) have excellent 
resistance to ultra violet light when stabilized with the 

W combinations of the present invention. Ethylene-propylene (EP) 
copolymers and ethylene-prcpylene (EPDM) terpolymers generally 
containing less than about 10 percent by weight of one or more 
monomers containing multiples unsaturation provided, for example, 
by 1,4-hexadiene, dimethyl- 1, 4, 9-decatriene, dicyclopentadiene, 

15 vinyl norbornena, at hy lid en a norbornane end the like also are 
stabilized using the combination* 

Other organic materials which be stabilized in 

accordance with the present invention include both natural and 
synthetic polymers. For eatfmple, the stabilizers are useful for 

20 the stabilization of cellult sic materials; natural rubber* halo- 
gens ted rubber, conjugated diene polymers, as, for instance A 
polybutadiene, copolymers of butadiene with styrene, acryloni*- 
txile, acrylic acid alkyl aery let es or methacrylates, . methyl 
vinyl ketone, vinyl pyridiie, etc,; polyisoprene, polychloro- 

25prene # and the like; vinyl jolymers such as polyvinyl chloride, 
polyvinylidene chloride, copolymers of vinyl chloride with 
vinylidene chloride, polyvinyl acetate, copolymers or vinyl 
halide with butadiene, styzene, vinyl esters, -unsaturated 
ketones and aldehydes, and the like; homo polymers and copoly- 

30 mars of acrylic monomers stch as methyl aery late, mathyl metb- 
acrylate, ethyl aery late, 3-ethylhexyl acrylate, acrylamide, 
methacrylamide, H-methylol-ncrylamidB, acrylonirrile, methacry- 
lonitrilei and the like; ej ihalohydrin polymers; polyether- or 
polyol-de rived polyure thanes ; acetal homo-polymers and eopoly*- 
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mars; polycarbonates; polyesters such as those derived from 



maleic, fumaric, itaconic, c 
like; for example, poly ethyl 



r terephtfialic anhydrides, or the 
ene terephthalate; polyandries such 



5 adipic or eebecic acid; epoxy 
the condensation of epichloro 
olefin polymers and the like. 



as those derived from tha reaction of haxa-mathyletiediamine vith 



10 



resins such as those obtained from 
hydrin with bisphenols; ring opened 
Polymer blends, that is* physical 
admixture of two or mora pilymers may also be stabilized in 
accordance with the present ijnveution. 

In addition to polymeric materials, the present 
compounds may stabilize a wide variety of other organic 

9 

materials. Such compounds include; waxes, synthetic and petro- 



leum-derived lubricating oil* 
for example, fat, tallow, la 



and greases; animal oils such as, 
ltd, codliver oil, sperm oil; vege- 
15 table oils such as castor, linseed, peanut* palm, cotton seed, * 
and the like; fuel oil; diesel oil, gasoline, and the Hke. 

The compounds are : readily incorporated into materials 
by dissolving or dispersing; them with the materials or in 
liquid, dispersion solutions and solid forms. If the material 
20ia a eolid, especially a polymeric solid such as a rubber or a 
plastic, the compounds can be admixed using internal mixers as 
Banbury 8, extruders, two-roll mills, and the like, following 
conventional techniques. Ones way to disperse the compounds in 
plastic materials is to dissalve or suspend tha compounds in a 
25 solvent, mix tha mixture with a plastic in powder or solution 
form, and then evaporate the solvent* 

Compositions containing the novel combination of 
compounds can also contain ether known compounding ingredients 
such as fillers like carbotj black, silica, metal carbonates, 
30talc, asbestos, and the like; pigments and colorants; curative 
ingredients like sulfur and perioxides and vulcanization 
accelerators; fungicides; processing aids, reinforcing agents 
and standard ingredients knevn to the art. Other ingredients 
known in the art as ultra-violet light, thermal end/or oxida- 
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compounds with polypropyl 
5 with a Cam-Head (mixing 
masticated for 1% minutes 
is added , following by 3 



si- 



tive stabilizers can also be used in the stabilized Ci 
tions. 

Test samples wfere prepared by mixing the stabilizer 

ene in a Brabander Plasticorder 
chamber). The polypropylene is first 
at 190° C. Then the stabilizer mixture 
minutes additional mixing. The masB is 
removed and pressed into 20 mil thick sheets . From these sheets 
are cut 1™ x V 1 plaques for oven-aging. Type C (3 tr xI/d 4 ") 
lOtensil bars are cut for UV stability tests. 

Thermal/oxidative stability Coven-aging) testing 
consisted of aging the szunples in triplicate in an air-circula- 
ting oven at 125 P C„ The time to catastrophic crumbling (fail- 
tire) of the plaque is measured and reported as days to failure. 
IS . Each sample contained 0.1 weight part of cyclic 

phosphite per 100 weight parts of polypropylene* The following 
results were obtained: 

2- [ 4^mathyl~2 , 6 -bis ( 1 , 1-dimethylethyl) phanoxy ] -S-metb- 
yl-4H-l,3»2-ben2odioxaphosphorin, 9 2/3 days; 
20 2~ [ 6-methy 1-2 , 6 b is ( 1 > 1-dime thyletbyDpheaoxy ] -6 , 8-di- 

metfryl~4H-l*3,2-ben£odlo;xaphosphorinj 7 2/3 days; 

* 2-[2,4,6~tris(l 1 l-dimethyletoyl)phenoxy]-6,8-bis(l,l- 
dimathylethyl)-4H-l,3,2-Venzod^oxaphoaphorin 3 4 days; 2-[2,4 > 6- 
tris ( L , 1-dimethyletbyl) phenoxy ] -6 , 8-dimethyl-4R-l , 3 , 2-benzodioxr- 
25 aphoophoriu, 15 days; and 

2«- [ 2 , 4 , 6- 1 ris ( 1 s 1-d tme thy lethy 1) phenoxy ] -8- ( 1 „ 1-di- 
methylethyl) -4H- 1 3 3 , Z-b &nzod ioxaphosphorin * 5 days . 

% 

To demonstrate the unexpected synergistic enhancement 

* 

of anti-oxidant activity whan the cyclic phosphites of this 
30 invention are combined uith a hydroxyphenylalkyleneyl isocyan- 
urate, test samples of polypropylene with 0.05 weight part each 
of tris (3 , 5-di-t-baty 1-4-hydr oxy-ben2yl) isocy emirate and the 



cyclic phosphites listed 
air oven until failure. 



below were prepared and tested in the 
The results obtained were as follows; 
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•dimet lyl 



2- 1 4-me thy 1- 2 , 6-bis (1,1- 
3 . 2-benzodioxaphosphorin, 39 
dimethy le thy 1) phenoxy ] -6 , 8- 
phorin, 29 2/3 daye; and 2- 
5 oxyl^»8-dlmethyl-4EVl f 3.2- 

These values are 
commercially available s 
For example, when these tests 
butylphenyl)phosphite, a valtn 
10 and when repeated with the 
urate, a value of only 4 2/3 



ethyl) phenoxy ] -6-roethy 1 — 4H- 1 , 
2/3 days; 2-[4-<metfayl~2,6-bis(l, 1- 
diiiethyl-4nV 1,3, 2-benaodioxapho s- 

[2,4, 6-tris (1 , 1-ddbnethylethyl) phen- 
■beizodioxaphofiphoriu* 49 days, 

than those obtained vith many 
in the same compositions, 
are repeated tfitb tris(2,4-di-t- 
of only 17 2/3 days x*as observed} 
phbsphite alone, without the isocyan- 
lays vas observed. 



better 



tabi lizers 
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CLAIMS 



1 . 2- ( 2 , 6-d; L- t-butyl-4-allcylphenoxy) -4H-1 ,3,2, 
sodioxaphoGphoria cycli: phosphites of the formula: 




wharaint 
5 +13 t-butyl 



8 carbon atoms, phenyl 



when R^ and are 
and is ©ethyl; R^ is 



R^ Is hydrogen, 



an alkyl radical 

containing 1 to 8 carbon atoms, a cycloalkyl radical containing 
3 to 6 carbon atoms, halogen, an al&oxy radical contaiaing 1 to 

a -CH^CR^COOR^ group therein. R^ is an 
alkyl radical containing 1 to 8 carbon atom3, ox t-alkyl radical 
10 containing 4 to 8 carbcn atoms, and when R^ is t-butyl, no more 
than three of R 2 , Rj, and R 5 are H; R 2 is hydrogen, an alkyl 
radical containing 1 t> 8 carbon atoms, and methoxy or phenyl 

hydrogen, or when R^ and R^ are hydrogen 
methyl when is methyl or hydrogen and 
15 ^2 ^ R 5 ars hydrogen; R^ id hydrogen, an alkyl radical 
containing 1 to 8 carbon atoms , a cycloallcyl radical containing 
3 to 6 carbon atoms, a t-alkyl radical containing 4 to 8 carbon 
atoms, methoxy, phenyl, halogen or mathoxycarbonyl, «han R^ is 
hydrogen, an alkyl radical containing 1 to 8 carbon atoms, a 
20 cycloalkyl radical containing 3 to 6 carbon atoms and a t-alkyl 
radical containing 4 to 8 carbon atoms i and and R^ are hydro- 
gen; R 5 is methyl whan R^, R^ .and R^ are hydrogen, or vhen R^ is 
methyl and R^ and R^ are hydrogen, and hydrogen when R^, R^, R^ 
are the tfame as above; and whan R^ and R^ are (-CBNCRj-CH^CH-) , 



BP/££ ' d 
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BU, ia C-butyl or hydrogen and R^ 
R 3 are (-CH-CH-) 2> R^ and & 5 are 



:es of Claim 1 wherein 



is 



5 hydrogen* a primary, secondary or tertiary alkyl group 
containing 1 to 4 carbon atom* , or a -CR^CE^COOR^ group wherein 
R fi is an alkyl radical containing 1 to 4 carbon atoms; R^ is 
hydrogen, a primary, secondary tertiary alkyl radical containing 
1 to 4 carbon atoms; R^ is hydrogen or methyl; R^ is hydrogen or 
10 a primary; secondary or tertiary alkyl radical containing 1 to 4 
carbon atoms; and R^ is hydrogen, 

3. A cyclic phosphite of Claim 2, selected 
from 2-/4-iR©thyl-2 , 6 -bis (1,1 -dimethylethyl ) phenoxy7~6- 
methyl-4H-1 , 3 , 2-benzodiox« phosphorin, 

2-(4-methyl-2,6- 

bis (1 , 1-dimethylethyl) phenoixy ] f 6, 8-dimethyl-4H-l , 3, 2-beuzodipxa- 
phosphor in, and 

2-[2r4,6-tris<l,l- 
dimethy lathy l)phenoxy ] 6 , 8~dimefchyl-4H-l , 3 , 2-benzodioxapaospbor- 



15 



20 



in. 



4. A composition 



comprising organic materials 
abject to degradation and stabilizing amounts of 2-(2,6-di-t- 

butyl-4-alkylphenoxy) 4H-1,3, 2 s -beuzodioxaphosphorins of the 
formula: 



25 



wherein: 




8t?/t?£ • d 
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is t-butyl; R } is hydrogen, an alkyl radical con- 
taining 1 to 8 carbon atoms, a cycloalkyl radical containing 3 
to 6 carbon atoms , halogen, an alkozy radical containing 1 Co 8 
carbon atoms, phenyl, a -CH^CH^COOR^ group wherein Rg Is an 
3 alkyl radical containing 1 to 8 carbon atoms, or a t-alkyl 
radical containing 4 to 8 carbon atoms, and whan is t-hutyl 
no mora than three of R^s Ry R^ and are hydrogen; R^ is 
hydrogen, an alkyl radical containing 1 to 8 carbon atoms, and 
methoxy or phenyl when R^, R^, and R^ are hydrogen, or when R^ 

10 and R^ are hydrogen and R^ is methyl; R^ is methyl whan R^ is 
methyl or hydrogen and R^ and R^ are hydrogen; R^ is hydrogen, 
an alkyl radical containing 1 to 8 carbon atoms, a cycloalkyl 
radical containing 3 _to 6 carbon atoms, a t-alkyl radical 
containing 4 to 8 carbon atoms, methoxy, phenyl, halogen or 

l^methoxycarbonyl, whan R> is hydrogen, 4 an alkyl radical 
containing 1 to 8 carbon *xoms, a cydoalkyl radical containing 
3 to 6 carbon atoms and a t-alkyl radical containing 4 to 8 
carbon atoms, and and are hydrogen; R^ is methyl when R^» 
and R^ are hydrogen, or when R^ is methyl and ^ and are 

20 hydrogen, and hydrogen whei R^, R^, are the dame as above; 
and when R^ and R^ are (-OTK&^CH^CH-) , R^ is hydrogen or 
t-butyl, and t-buty L or hydrogen and R^ is hydrogen; and 

when R^ and R 3 are (-CH=K:H-) 2 » R^ and R^ are hydrogen. 

5^ A composition of Claim 4- wherein said organic 

25 material ia a polymer and R^ is hydrogen, a primary," secondary 
or tertiary alkyl group containing 1 to 4 carbon atoms, or a 
-CJ^ca^COOR^ group whereii. R^ is an alkyl radical contlaning 1 
to 4 carbon atoms; R^ is hydrogen, a primary, secondary or 
tertiary alkyl radical containing 1 to 4 carbon atoms; R^ is 

SOhydxogen or methyl; R^ ia hydrogen or a primary, secondary or 
tertiary alkyl radical containing 1 to 4 carbon atoms; and R^ie 
hydrogen, 

6. A composition of Claim 5 containing a polyolefln 
and k cyclic phosphite selected from 2^3-methyl-2,'6- 
bis ( 1 r 1 -dimethylethyl ) phenoxY7-6-methYl-4H- . 
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1,3, 2-benzodioxapho9phorin 

2- [ 4-methyl-2 , 6-bifi ( I » 1-dd methy lethyl) phenoxy ] -6 , 8-dtmethyl- 



4H-1 , 3 , 2-bensodioxaphoaphor In 



and 



2- ( 2 , 4 p 6- tria ( 1 , l-dimethy}ethy 1) phenoxy ] -6 , 8-dimethyl-4H~ 1 , 
3, 2-benzodioxaphosphorin • 

7- A stabilizer iomposltion for organic materials 
subject to degradation comprising (1) 2-(2,6-di-t-butyl-4-alkyl- 
10 pheao3cy)4H-l,3, 2,-benzodioxaptosphorins of the formula: 




wherein: 



*fi& t-butyl; R^ 



is hydrogen , an alkyl radical 
containing 1 to 8 carbon atomk, a cycloalkyl radical containing 
15 3 to 6 carbon atoms, halogen, an alkoxy radical containing X to 
8 carbon atoms, phenyl, a -C^CH 2 CO0R 6 group wherein R fi ia an 
alkyl radical of 1 to 8 carbin atoms, or t-alkyl radical con- 
taining 4 to 8 carbon atoms, and when R^ is t-butyl no mora than 
three of R^, R 3 , R^ and R 5 are hydrogen; R 2 is hydrogen, an 
20alkyl radical containing 1 ti 8 carbon atoms , and methoxy or 
phenyl when R^ and R^ ar^ hydrogen, or when R 3 and R^ are 
hydrogen and R^ ia methyl; Rj is methyl when R^ is methyl or 
hydrogen and R 2 and R $ are' hydrogen; R^ is hydrogen, an alkyl 
radical containing 1 to 8 carbon atoma, a cycloalkyl radical 
25 containing 3 to 6 carbon aeons, a t-alkyl radical containing 4 
to 8 carbon atoms, methoxy, phenyl, halogen or methoxycarbonyl, 



3P/S£'d 
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when R 2 is hydrogen* an sikyl radical containing 1 to 8 carbon 
atoms, a cycloalkyl radicil containing 3 to 6 carbon atoms and a 
t-alkyl radical containing 4 to 8 carbon atoms, and R^ and R^ 
are hydrogen; R 5 is methyl when R 3 and R^ are hydrogen, or 
5 when R^ is -methyl and and R^ are hydrogen, and hydrogen when 
&2* ^3* ^4 Me same as above; and when R^ an d R^ are 

(-Cfl»CR 7 -CH=Cfl-) , R ? is hydrogen or t-butyl, and ^ is t-butyl 



(-CH«CH-) 2 , R 4 and R 5 are 



I 




wherein R* la a hy droxyphe ny lalkyleneyl 



m^2ra 



hydrogen; and when R_ and R„ are 



2 "3 

hydrogen, and (2) hydroxyphenylalkyl- 

10 eneyl isocyanurates of the 1 formula 



/0-0 



of the formula 




a alkyl radical having 1 to 18 carbon 
immediately adjacent to the hydroxy 



where m is 1 to 4, is 
15 atoms and is positioned 

group on the ring; r 2 , r^ a and r^ are hydrogen or an alkyl 
radical containing 1 to 18 carbon atoms; and R f * and R ,,f are 
hydrogen, an alkyl radica]. containing 1 to 18 carbon atoms, or 

are the same as r 1 . A more preferred compound is when R 1 T and 
20 R t»« are ftliua i to *V . 

8. A stabilizer of Claim 7 wherein in (1) R^ is 
hydrogen, a primary, secondary or tertiary alkyl group 
containing 1 to 4 carbon atoms, or a -CR^CH^COOR^ group wherein. 
R fi is an alkyl radical containing 1 to 4 carbon atoms; is 
25 hydrogen, a primary, secondary or tertiary alkyl radical 
containing 1 to 4 carbon ai:ome; R^ is hydrogen or tnethyl; R^ is 



BW<L£ ' d 
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hydrogen or a primary, secondary or tertiary alkyl radical 
containing 1 to 4 carbon atom"; and Rj. is hydrogen, and in (2) 
R< ' and r " are equal to ft' , ^ is a tertiary alkyl radical 
containing 4 to about 12 carton atoms, r 2 is an alkyl radical 
5 containing 1 to about 12 carbon acome. t 3 and x 4 are hydrogen. 



end m ■ 1* 



formula 



9^ A stabilizer 



~ C tt H 2n + I 




t " C n H 2n + 1 



of Claim 8 where ( 2 > hafi the 



n 2n + I 





n 2ji 4* 1 



" C n H 2n + 1 



.OH 



n 2n + 1 



10 whare u is 4 to 8. 

10. A stabilizer of Claim 9 where (2) is 1,3,5-tris 

(3 , 5-di- t-butyl-4-hy droxyb enz f 1) isocyanur ate . 

11 A stabilizer bf Claim 10 wherein (l) is se- 



lected from 2-^4-itiethyl- 
15 oxy_7-6^ eth yl-4H-1 ,3,2- 



;;,6-bis (1 ,1-aimethylethyl)phen- 
aenzodioxaphosphor in , 

2-[4- 

methyl-2 , 6-bia (1 , 1-dimethylet hy 1) phenoxy ] -6 > &-dimeChy 1-4H- 1.3.2- 
benzodioxaphosphorin and 

2-12,4.6- 

20 tris ( 1 , 1-dimathy lfctby 1) phenol y ]-6 , 8-dlme thy 1-4H- 1.3. 2-benzodiox- 
aphosphorin. 

12. A compositicu comprising organic material© 
subject to degradation and stabilizing amounts of 2-(2.6-di-t- 
butyl-4-alkylpbenoxy)-4H-l t 3i2,-benzodioxaphosphorins ,o£ the 

25 formula: 
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wherein: 

"tie t-butyl; R^ Is hydrogen, an alkyl radical 
containing 1 to 8 carboi atoms, a cycloalkyl radical containing 

5 3 to 6 carbon atoms, halogen, an alkosy radical containing 1 to 
.8 carbon atoms, phenyl, a , -CH^CR^COORg wherein R^ is an alkyl 
radical containing 1 tc "8 carbon atoms, or a t-alkyl radical 
containing 4 to 8 carbon atoms, and when R^ ia t-butyl no more 
than three of B^, B^, R, and ^ are hydrogen; R 2 is hydrogen, 

10 an alkyl radical containing 1 to 8 carbon atoms, and methoxy or 
phenyl whan R^, R^ aad are hydrogen, or when and R^ are 
hydrogen and R^ is metlyl; R^ is methyl when R^ Is methyl or 
hydTOgen and R^ end are hydrogen; 

R, ia hydrogen , an alkyl radical containing 1 to 8 carbon atoms, 
15a cycloalkyl radical containing 3 to 6 carbon atoms, a t-alkyl 
radical containing 4 to 8 carbon atoms, mathoxy, phenyl, halogen 
or methojjycaxbonyl, whan R^ is hydrogen, an alkyl radical 
containing 1 to 8 carbon atoms, a cycloalkyl radical containing 
3 to 6 cerbon atoms aid a t-alkyl radical containing 4 to 8 
20 carbon atoms, and R^ an( ^5 are hydrogen; R,. is methyl when R^, 
Rj and R^ are hydrogen, or when R^ id' methyl and R 2 and R^ are 
hydrogen, and hydrogen then R^, R^, are the same as above; 
and when R^ and Rj are . (-CH=CR 6 ~CH^CR-) , R fi ia hydrogen or 
t-butyl, and R^ is t-butyl or hydrogen and R 3 is hydrogen; and 
25when R^ and R 3 ara (-CR=CT-) 2 , R^ and R 5 are hydrogen, and (2) a 
hydroxyphenylalkyleneyl isocyanurace of the formula 
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1 1 



wherein R' is a hydroxypheuylalkyleneyl radical of the formula 




m^2m 



where m is 1 to 4» Is an alkyl radical having 1 to 18 carbon 
5 atoms and ±B positioned immediately adjacent to the hydroxy 



group on the ring; t^ 9 ty |nd are hydrogen or an alkyl 



r 1 1 



radical containing 1 to 18 carbon atoms; and R f 1 and R' 
hydrogen, an alkyl radical containing 1 to IB carbon atoms, or 
are the same as R f • 
10 13. A composition if Claim 12 wherein said organic 



material is a polymer and in 
secondary or tertiary alkyl 



(i) R^ Is hydrogen, a primary, 
group containing 1 to 4 carbon 
atoms, or a -CH^CH^COOR^ group wherein Rg is an alkyl radical 
containing 1 to 4 carbon atjmsj R^ is hydrogen, a primary, 
15 secondary or tertiary alkyl group containing 1 to 4 carbon 
atoms; R3 is hydrogen or methyl;. R^ is hydrogen or a primary 
secondary or tertiary alkyl : radical containing 1 to 4 carbon 
atoms; and is hydrogen. 

14. A composition cf Claim 13 wherein in (2) R 1 1 and 
20R' 1 1 are equal to R' , r x is a tertiary alkyl radical containing 
4 to about 12 carbon atoms* r l} is an alkyl radical containing 1 
to about 12 carbon atoms, and r^ are hydrogen* and m ■= I. 



5 m A composition 



formula 



of Claim 14 where (2) has the 



9P/2P " d 
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t-G H n 

n 2a + 1 



Of 



t-C 

n 2n + 1 



composition 



wfaftre a is 4 to B. 

16. A 

{3 , S-di-t-butyl-A-hydroxyfbenzyl) 
5 . 17, A 

a polyolefin and (2) 
£is- (1,1 -dimethylethyjl 
dioxaphosphorin, 



composition 



lOpehnoxy]-6»a-dimethyl-4H- 



-6 a 8-dimethyl-4E-l , 3 , 2-be tsodioxaphosphoTixi 
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CH, 







=0 
-CH 




~C H 
n 2a + i 

OH 

a 2n + 1 



n 2a + 1 



•OH 



a 2a + 1 



of Claim 15 where (2) is 1,35,-tris 

xsoeyaimrate. 
of Claim 16 wheraia said polymer is 
is selected from 2-/3-methyl-2 ,6- 
) phenoxy_/^6-methyl-4H r 1 , 3 ^ beazo< 



2-[4-methyl-2, 6-bis (1 3 1-dUnethyletliyl) 
l,3,2-b£ti2odioxapliosphoriA and 



2 - [ 2 , 4 , G-tris ( 1 , Wlmethylethy 1) phenoxy ] 



8t7/Tt7"d 
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